We studied E-cadherin down-regulation at the protein level in frozen sections of 111 bladder tumours and 13 normal bladder specimens by means of immunohistochemistry, and at the mRNA level by semi-quantitative RT-PCR in 40 of the same tumours. Results indicate that E-cadherin expression detected by immunohistochemistry correlated with both stage and grade (P < 0.0001 and P < 0.001, respectively). Analysis of recurrence, progression and survival over a mean period of 36 months after surgery in the entire cohort showed that abnormal E-cadherin immunoreactivity correlated strongly with poor outcome (log-rank test: P = 0.001, P = 0.0001 and P = 0.0003, respectively). In multistep logistic regression analysis, only E-cadherin status and stage had significant additional prognostic value (P = 0.008 and OR = 0.2; P = 0.03 and OR = 3.6, respectively). Survival estimates derived from RT-PCR transcript quantification differed significantly for low and high expression (log-rank test: P = 0.0006). These results suggest that the alteration occurs at the transcriptional level and support the clinical and biological relevance of cell adhesion molecules in bladder cancer.
Invasive behaviour is a key difference between benign and malignant tumour cells. Acquisition of invasive potential by malignant cells results from an accumulation of characteristics including increased cell motility, secretion of proteolytic enzymes, and alterations of cell-substrate and cell-cell adhesion (Liotta et al, 1991) .
Bladder cancer shows a variety of biological behaviours, but acquisition of metastatic capability is the most relevant to clinical considerations. The initial step in local invasion by malignant epithelial tumours is cell detachment from the epithelial sheet.
Decreased cell-cell adhesiveness favours detachment of tumour cells and may play a role in the early steps of the metastatic process. Although cell-cell adhesion is a complex mechanism involving at least four families of adhesion molecules (the integrin, immunoglobulin, selectin and cadherin families), several lines of evidence indicate that E-cadherin-mediated adhesiveness is crucial for epithelial integrity (Takeichi, 1991) . Cadherins are functionally related transmembrane glycoproteins responsible for the Ca 2+ dependent cell-cell adhesion mechanism that underlies the mutual association of vertebrate cells. E-cadherin molecules, which are mainly found in epithelial tissues, contribute to organogenesis and morphogenesis (Shimoyama et al, 1989) .
The causal relationship between decreased E-cadherin expression and acquisition of invasive capacity has recently received strong support: modulation of E-cadherin function in several tumour cell lines by the use of blocking antibodies or transfection has revealed an invasion-suppressor role of E-cadherin-mediated cell-cell adhesion in vitro (Behrens et al, 1989; Frixen et al, 1991; Vleminckx et al, 1991) . These and other experimental observations suggest that E-cadherin counters tumour spread. E-cadherin has also been examined in a number of human epithelial tumours, such as ductal carcinomas of the mammary gland (Shiozaki et al, 1991) , prostate carcinomas (Umbas et al, 1992) , and bladder carcinomas (Bringuier et al, 1993; Lipponen and Eskelinen, 1995; Otto et al, 1997) . In general, E-cadherin is present in differentiated tumours, whereas expression is lost to variable extents in dedifferentiated, aggressively growing tumours of the same cellular origin, suggesting that the negative relationship between local invasiveness and E-cadherin expression also holds for cancer cells in vivo.
There is still a paucity of markers for bladder tumour aggressiveness, and identification of the molecular steps associated with acquisition of metastatic potential would serve as a basis for diagnostic methods with predictive value (Raghavan et al, 1990) . Decreased E-cadherin expression in the bladder has been linked to a loss of differentiation Vleminckx et al, 1991; Behrens, 1994) and tumour aggressiveness (Takeichi, 1993; Rebel et al, 1994) but few studies have compared its predictive value with that of clinical and pathological parameters. Results on the independent clinical value of E-cadherin immunostaining are controversial (Bringuier et al, 1993; Lipponen and Eskelinen, 1995; Otto et al, 1997) . E-cadherin immunostaining has been scored arbitrarily as homogenous vs heterogeneous-negative. The mechanism of E-cadherin down-regulation is not fully understood, but it is clear that mutation or deletion of the E-cadherin gene is not the main underlying mechanism in bladder cancer (Knowles et al, 1994; Giroldi et al, 1994) . In addition Giroldi et al, (1999) suggested that coregulation of the expression of genes encoding (-E, -P, -N cadherin) occurs during tumour progression and that expression of some catenins is also coordinated with loss of cadherin expression. To obtain further information on the clinical utility of Ecadherin expression in bladder cancer, we studied this phenomenon at the protein level by means of immunohistochemistry (IHC) and at the mRNA level by semi-quantitative RT-PCR. The protein and mRNA expression was compared to histological parameters for its predictive value as regards to recurrence, progression and survival. We found a significant prognostic value of immunohistochemical staining and the level of RT-PCR transcripts.
MATERIALS AND METHODS

Clinical data
Pathological and clinical data are summarized in Table 1 . Patients included in this study were recruited between October 1987 and December 1993. They were newly diagnosed cases with a tumour volume sufficient to allow an immediate frozen aliquot. Tumour volumes were measured using an endoscopic loop as ruler. Macroscopic findings from cystoscopies or cystectomies were reported on a scheme including tumour shape (papillary or solid) and size. Patients included were those treated with curative intent by senior urologists as follows: low-risk superficial TCC with transurethral resection (TUR) and follow-up; high-risk superficial TCC with TUR and bacille Calmette-Guerin intravesical instillations. Radical cystectomy was performed for invasive disease or high-risk superficial TCC for which conservative measures failed. None of the patients included in this study had received preoperative radiation or chemotherapy.
Criteria for recurrence and progression were adapted from Herr et al (1989) . Recurrence was defined as occurrence of TCC of any stage or grade. Progression was defined as death due to TCC or appearance of distant lymph node or organ metastasis. In case of tumours initially classified as pT2 or higher, clinical recurrence after radical cystectomy was considered progression. In case of tumours initially classified as pTa-pT1, progression was defined as invasion at least to muscle (pT2) or lesion refractory to TUR and intravesical therapy, necessitating a change to more radical treatment (i.e. cystectomy). Disease-specific survival curves were derived taking death from urothelial carcinoma as end-point.
Immunohistochemistry
Frozen sections (5 µm) from 111 bladder tumours and 13 normal bladder specimens were fixed with 4% paraformaldehyde and analysed by using the mouse monoclonal antibody HECD-1 (Takara Biomedical, Kyoto, Japan) against E-cadherin at 7 µg ml -1 dilution and a standard avidin-biotin immunoperoxidase complexes detection system, as according to the manufacturer's protocol (Vectastain Elite ABC kit, Vector Laboratories Inc., Burlingame, CA, USA). E-cadherin expression was scored according to Shiozaki et al, 1991 and Bringuier et al, 1993 , who classified tumours as normal if staining was similar to that of normal urothelium. Abnormal tumours were defined as those giving negative (complete absence of immunoreactivity) or heterogeneous staining (positive and negative areas).
RT-PCR assay
RNA was extracted from five normal bladder specimens and 40 TCCs of the bladder (21 Ta/T1; 19 T2/T4; 9 G1, 15 G2 and 16 G3), according to Chirgwin et al (1979) , using 4 M guanidinium thiocyanate extraction and cesium chloride ultracentrifugation. The amount of E-cadherin mRNA was determined by semi-quantitative RT-PCR by comparison with an internal control, a ubiquitous transcription factor TBP or GADPH as previously reported (Gil-Diez de Medina et al, 1997). Twenty-two cycles were used for the co-amplification of E-cadherin and TBP.
The primers sequences of TBP and GADPH are as described by Gil-Diez de Medina et al (1997) . The primers sequences of E-cadherin are: GACCAAGTGACCACCTTAGA and GCAGGA-ATTTGCAATCCTGCT (5′ to 3′ direction). After gel electrophoresis, the PCR-amplified products were quantified with a Molecular Dynamics 300 PhosphorImager (Sunnyvale, CA, USA).
Statistical analysis
E-cadherin expression and clinical and pathological parameters were compared in patients with and without recurrence, progression or death from TCC. Means of continuous variables were compared by analysis of variance (multiple groups) and Student's t-test (two groups). Frequency distributions were tested by the chisquared method. Recurrence and progression-free intervals (in person-months) were defined from the date of initial staging (and E-cadherin expression assay) and the date of recurrence or disease progression. Mean follow-up was 36 months, and ranged from 10-136 months. The expression of the E-cadherin transcript was quantified in arbitrary units comparing, using a PhosphorImager, the expression of E-cadherin to the internal control. The cut-off value of E-cadherin expression for low and high expression was defined by 30% of the average values found in normal urothelium. The Kaplan-Meier method was used to derive the recurrence, progression and survival-free functions, while the log-rank test was used to compare curves with low and high E-cadherin expression by mean of IHC and RT-PCR. To determine the independent prognostic value of each variable, stepwise logistic regression was run using IHC group on BMDP software and odds ratios (OR) were estimated using the 95% confidence interval (CI). To compare the power and independence of each prognostic variable, we ran a multistep logistic regression procedure on BMDP software to determine (P) values and odd ratios (OR) in univariate and multivariate analysis.
RESULTS
The typical pattern of immunostaining for E-Cadherin in normal urothelium and different bladder carcinomas is shown in Figure 1 . In normal urothelium only the cell-cell borders were stained, as in other epithelial tissues; the part of the cells in contact with the basement membrane did not react with the anti-E-cadherin antibody ( Figure 1A ). Fifty tumours (45%) showed a normal staining pattern ( Figure 1B, C, D) , while 61 tumours (55%) showed abnormal E-cadherin expression ( Figure 1E, F) . Fourteen tumours (12.61%) were completely negative ( Figure 1F ). The prevailing abnormal pattern was heterogeneous (47 specimens, 42.3%). Most of these specimens contained multiple foci of negative malignant cells.
Comparison of E-cadherin expression with classical histopathological features revealed that abnormal E-cadherin expression detected by immunohistochemistry correlated with both stage and grade (P < 0.0001 and P < 0.001, respectively Table 2), and with tumour shape and size (P = 0.0007 and P = 0.0017, respectively) but not with sex or multiplicity.
Analysis of recurrence, progression and cancer-specific survival (Figure 2 ) over a mean of 36 months after surgery in the entire cohort showed that abnormal E-cadherin immunoreactivity correlated strongly with poor outcome (log-rank test: P = 0.001, P < 0.0001 and P = 0.0003, respectively). Recurrence occurred in 67 patients, progression in 48 patients, relation with stage and grade is described on Table 3 . The length of follow-up for surviving patients was less than 12 months for 14 patients, 12-24 months for 10 patients and more than 24 months for 49 patients. During the period study 39 patients were dying.
The level of E-cadherin mRNA correlated strongly with stage and grade, (χ 2 , P = 0.0036 and P = 0.002, respectively) and is also associated with poor outcome, shown in Figure 3 (P = 0.0006).
In univariate analysis, stage, grade, size, multiplicity and E-cadherin immunoreactivity were each found to have separate effects. However, in the final model of multistep logistic regression only E-cadherin status and stage had significant independent prognostic value (P = 0.008, OR = 0.2 and P = 0.03, OR = 3.6, respectively).
DISCUSSION
We analysed the expression of the intercellular adhesion molecule E-cadherin in sections of normal and malignant human urothelium. In a cohort of 111 patients treated with standard protocols, E-cadherin expression was associated with tumour recurrence, progression and survival, and provided information independent of tumour stage and grade and these results were in agreement with those of Otto et al (1997) .
As E-cadherin is thought to counter tumour invasion, tumours with only a minor fraction of negative cells should have invasive potential. Abnormal staining (negative or heterogeneous) was found in 20/60 (33.3%) of the superficial tumours and in 41/51 (80.4%) of the invasive tumours. This strong correlation with tumour stage indicates that altered E-cadherin expression effectively plays a role in bladder tumour invasiveness, and concords with the results of other investigations (Behrens et al, 1989; Frixen et al, 1991; Vleminckx et al, 1991) . Figure 2 Kaplan-Meier disease-specific survival curve according to E-cadherin immunostaining, E-cadherin positive vs E-cadherin negative/heterogeneous, P = 0.0003 log-rank test, demonstrating the effect of abnormal E-cadherin immunoreactivity on the specific survival of TCC of the bladder. Proportion surviving E-cadherin mRNA high E-cadherin mRNA low Figure 3 Kaplan-Meier disease-specific survival curve according to E-cadherin mRNA level: high or normal level of E-cadherin mRNA vs low level of E-cadherin mRNA, P = 0.0006 log-rank test, demonstrating the effect of low level of E-cadherin mRNA on the specific survival of TCC of the bladder. E-cadherin mRNA levels were measured by semi-quantitative RT-PCR.
We also found a significant difference in E-cadherin expression according to the grade of tumour differentiation. Previous studies (Shimoyama and Hirohashi, 1991; Oka et al, 1993) showed a correlation between E-cadherin expression and the histological type of gastric and breast carcinomas. These observations are consistent with experiments in vitro suggesting that cadherins are important determinants of tissue morphology. Nagafuchi et al (1987) showed that forced expression of E-cadherin complementary DNA in fibroblastic cells generated epithelial structures, and E-cadherin causes polarized distribution of Na + , K + -ATPase, an important factor in establishing cell polarity (McNeill et al, 1990 ). E-cadherin mRNA levels was found to correlate with adverse clinical outcome (Giroldi et al, 1994; Imao et al, 1999) in accordance with the correlation of expression between immunohistochemical staining and RT-PCR as previously reported (Gil-Diez de Medina et al, 1999) . These results suggest that the alteration occurs at the transcriptional level. In several cases (papillary thyroid, head and neck, colorectal and bladder cancer), E-cadherin IHC was shown to be correlated with mRNA expression (Giroldi et al, 1994; Imao et al, 1999) . As no mutations or deletions have been documented in the E-cadherin gene of bladder tumours (Knowles et al, 1994; Giroldi et al, 1994) , gene silencing by methylation might be involved as in prostate and breast cancer (Graff et al, 1995) .
The immunohistochemical procedure is more practical than RT-PCR and can be used to assess tumour heterogeneity, which has prognostic significance. Furthermore, alterations of Ecadherin expression detected by immunohistochemistry or molecular analysis were strongly associated with grade and stage, features related to the progression of bladder cancer. These results are in line with those of Bringuier et al (1993) , Lipponen and Eskelinen (1995) , Ross et al (1995) , Syrigos et al (1995) and Otto et al (1997) , and indicate that a loss of E-cadherin expression could be one characteristic of tumour dedifferentiation.
It is striking that most tumours in our series of abnormal immunostaining (47/61) were not completely negative but were composed of positive and negative areas. Similar findings have been reported by Shiozaki et al (1991) in cancers of the oesophagus, stomach and breast, and by Bringuier et al (1993) in bladder cancer. Heterogeneous E-cadherin expression is likely to reflect the tumour heterogeneity. Mareel et al (1991) demonstrated that E-cadherin expression in Madin-Darby canine kidney cells grown in nude mice was reversibly down-regulated in vivo. Heterogeneous E-cadherin expression might thus be due not only to tumour heterogeneity but also to unstable expression in a clone in vivo.
The E-cadherin present in certain tumours, revealed by immunocytochemistry, might not be functional. For instance, certain mutations in the E-cadherin gene or changes in E-cadherinassociated cytoplasmic proteins, the catenins Shimazui et al, 1996; Syrigos et al, 1998) , may alter their adhesive functions.
The cytoplasmic tail of E-cadherin interacts with either β-or γ-catenins which bridge E-cadherin to the cytoskeleton through α-catenin. In addition, E-cadherin function is dependent on its anchoring to the cytoskeleton (Shimoyama et al, 1989; Shimazui et al, 1996) . The cytoplasmic immunoreactivity found in several bladder tumours of our series might be caused by disturbed E-cadherin-cytoskeleton interactions (Shiozaki et al, 1991; Bringuier et al, 1993) .
Soluble forms of E-cadherin (sE-cadherin) have been detected in the urine and serum of patients with bladder cancer (Banks et al, 1995; Griffiths et al, 1996) . Concentrations of urinary E-cadherin together with increased E-cadherin amounts in the serum of some patients with higher-grade invasive tumours suggest that increased proteolytic activity in tumours may contribute to the release of the soluble form. In contrast, there was no correlation between E-cadherin immunostaining and soluble E-cadherin levels, suggesting two different mechanisms for this observation (Griffiths et al, 1996) .
Tissue cadherin expression is more likely to reflect genetic abnormalities, as we found a correlation between mRNA levels and immunohistochemical staining.
Several in vitro and in vivo studies have shown that alteration or loss of E-cadherin expression is associated with a change in cell morphology, increased cell migration, and invasion Schipper et al, 1991; Vleminckx et al, 1991) . In addition, positive E-cadherin expression was reported in all specimens of normal prostate, benign prostatic hyperplasia, and well-differentiated prostatic carcinoma, while expression was reduced in 90% of poorly differentiated and 93% of locally advanced prostatic carcinomas (Otto et al, 1993) . It has also been reported that a decrease in E-cadherin expression correlates with poor survival in patients with bladder carcinoma (Bringuier et al, 1993; Syrigos et al, 1995; Otto et al, 1997; Imao et al, 1999) .
Our results support the above findings, suggesting that E-cadherin may play an important role in the genesis of histological differentiation and affect the invasive or metastatic behaviour of bladder cancer cells in vivo. We infer that abnormal E-cadherin expression is associated with tumour recurrence, progression and survival, and has prognostic value independently of tumour stage and grade. While further investigations are required to confirm its role in cancer metastasis, our results suggest that E-cadherin expression may be used as a metastatic or prognostic marker in human bladder cancer.
The main limitation of our study is that the results were obtained on fresh frozen material. Other investigators have shown that results obtained with formalin-fixed paraffin-embedded material are not reliable (Ruijter et al, 1997) . Improvement of fixation procedures in use for others molecules involved in the cellcadherin complex, particularly catenins, have been proposed to study this biological phenomenon (Shimazui et al, 1996) .
In conclusion, this study confirms the relevance of cell adhesion molecule expression to the clinical and biological behaviour of bladder cancer. This new class of marker, which is independent of clinical and pathological parameters, should now be compared to other potential markers, particularly molecules involved in cellcycle regulations, such as Rb and p53, or cell proliferation, such as EGF-R and MIB-1.
